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Abstract: Site selection plays a crucial role in riverbank filtration for sustainable water 
availability and quality. Choosing the most appropriate from among multiple candidate sites 
requires a complex procedure, involving many tangibles and intangibles. In this study, the Analytic 
Hierarchy Process (AHP), which selects the optimal alternative by hierarchically classifying 
various attributes and then quantifying the importance of each attribute, was used to prioritize 
candidate locations for riverbank filtration. A GIS-based computer program was developed to 
automate the assessment process. The developed software was applied to the Han River in Korea. 
Analysis of four candidate sites reveals that a site that has better water quality and connectivity to 
the neighboring purification facility is more suitable than other locations.
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1 Introduction 
In European countries such as Germany and the Netherlands, riverbank filtration (RBF) 
has been successfully practiced as a way of enhancing the quality of the water supply for over 
150 years (Grischek et al. 2002; Tufenkji et al. 2002; Eckert and Irmscher 2006). In Germany, 
RBF is used for 15%-16% of the total drinking water. RBF has also been used for drinking 
water in many cities in the United States. RBF relies on the streambed and aquifer matrixes to 
improve source water quality and to reduce pathogens through induced infiltration. The 
removal or degradation of contaminants is achieved through a combination of physicochemical 
and biological processes. 
Tap water in Korea mainly comes from surface water. A more advanced water treatment 
process is needed due to the risk of accidental spills and the deterioration of surface water 
quality. Because of the high cost of water treatment and public concerns, decision makers are 
turning to RBF as an alternative to the conventional abstraction of surface water. Changwon 
City started supplying domestic water treated through RBF in 2001, the first time in Korea 
(Office of Waterworks Changwon City 2009). The city continues to expand the facility, and the 
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water supply is now 70 000 m3/d. A neighboring city, Chil-seo Myeon in Ham-an Gun, has also 
been supplying riverbank-filtered water (20000 m3/d) since 2003. Seoul, the capital of Korea, 
is pursuing the introduction of RBF to enhance public trust in tap water. Table 1 shows some 
examples of riverbank filtration throughout the world. 
Table 1 Major examples of riverbank filtration 
River Well field Number of well Water production (m3/d)
Rhine River in Germany Düsseldorf 70 vertical wells, 18 collector wells 357 600 
Llobregat River in Spain Cornellá 26 extraction wells, 7 recharge wells  62 000 
Limmat River in Switzerland Hardhof 9 vertical wells, 4 collector wells  15 000 
Donau River in Austria Lobau 8 collector wells 136 000 
Donau River in Hungary Csepel 256 vertical wells, 30 collector wells 150 000 
Missouri River in USA Jefferson County 5 lateral wells  18 900 
Missouri River in USA Nearman 1 collector well 120 000 
Kansas River in USA Kansas City 1 collector well 151 200 
Ohio River in USA Louisville, Kentucky 2 collector wells  75 600 
Nakdong River in Korea Changwon 50 vertical wells, 1 collector well  80 000 
The Analytic Hierarchy Process (AHP), which allows for the selection of the optimal 
alternative by hierarchically classifying the various attributes and then measuring the 
importance of each attribute, was developed by Saaty (1980). The novelty of AHP lies in the 
stratification of a decision-making problem with many objectives, evaluation criteria, and 
decision-making variables. Due to its simplicity and versatility, AHP has been used in various 
settings to make decisions (Saaty 2008). AHP involves dividing a sophisticated problem into 
sub-elements, organizing them, forming an orderly hierarchical structure, determining the 
relative importance of the elements through pairwise comparison, and finally synthesizing 
human judgments to provide a total order (Zhang 2009). There have been some studies related 
to site suitability analysis using AHP. Wu (1998) developed a prototype of a simulation model 
based on cellular automata (CA) and multi-criteria evaluation (MCE) and integrated with 
geographic information system (GIS) using the AHP method. Reza (2005) studied the ways in 
which AHP frames the site evaluation problem and can aid in making decisions involving 
multiple criteria, factor diversity, and conditions of uncertainty. 
2 Suitability analysis using AHP 
Applying the AHP procedure involves four basic steps (Fig. 1): (1) definition of the 
problem; (2) construction of the decision hierarchy; (3) comparative judgment, or data 
collection and execution of pairwise comparison for elements in the hierarchical structure; and 
(4) synthesis of priorities, or evaluation of the overall priority rating. 
The decision hierarchy is structured from the top, with the goal of the decision, through 
the intermediate levels to the lowest level. Once a hierarchy is established, pairwise 
comparison is made. The pairwise comparison makes the complicated comparison of entire 
elements easy. The degree of relative importance of elements i and j is assigned according to a 
1-9 scale, as shown in Table 2. 
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Fig. 1 Organized decision-making in AHP 
Table 2 Fundamental scale 
Relative importance of elements i and j Degree of importance ( )ija
i and j are equally important 1
… …
i is absolutely more important than j 9
When the number of elements is four, the pairwise comparison matrix can be formed 
as follows 
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ij
ij
i
a
V
S
 (2)
where
1
n
i i
j
S a
 
 j¦ (3)
and n is the size of the normalized matrix.  
The priority is obtained from Eq. (4): 
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where jP  is also called the relative preference or the relative importance weight of element j.
In other words, priorities are obtained by adding each row of the normalized matrix and 
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dividing by the size of the matrix. The consistency ratio ( ) needs to be calculated to check 
the logical consistency of the pairwise comparison. According to Saaty (1980),  can be 
calculated by dividing the consistency index ( ) by the random index ( ):
RC
RC
IC IR
I
R
I
CC
R
  (6) 
where is defined as  IC
max
I 1
nC
n
O    (7) 
where maxO is the largest eigenvalue of the pairwise comparison matrix, and  is given in 
Table 3. If  is less than 0.1, the pairwise comparison can be regarded as reliable. 
IR
RC
Table 3  for n×n pairwise comparison matrix IR
n IR n IR
2 0 6 1.24 
3 0.58 7 1.32 
4 0.90 8 1.41 
5 1.12 
Finally, the suitability index can be calculated by accumulating the multiplication of 
priorities obtained from the top to the bottom level for the ith element. 
3 System development 
3.1 Analysis frame  
To construct a hierarchy and to make pairwise comparisons for the AHP analysis of 
riverbank filtration, influential elements and their corresponding degrees of importance must be 
deduced. Comprehensive investigation of previous development projects provided the initial 
setting (Table 4). Of the 28 elements involved in the development of riverbank filtration in 
previous projects, we selected the 21 most influential elements for analysis (Fig. 2). Data 
availability and specialists’ judgments were taken into consideration. 
Table 4 Influential elements considered for riverbank filtration projects 
Stage River Project period Water intake facilities 
Pump 
rate 
(m3/d)
Layer 
Aquifer 
thickness 
(m) 
Hydraulic 
conductivity 
(cm/s) 
Chungnam 
River in 
Minochon 
10/1994-03/1995 Alluvial 5 0.13 
Kum River in 
Booyoe 02/1996-12/1996 Sediment 10-15 8Feasibility 
study 5 wells ( I 250 mm, H
= 40 m) 
Nakdong River 
in Leeyoung 06/1997-12/1998 5 000 Alluvial 20-35 0.893-9.9 
6 wells ( I 250 mm, H
= 39-45 m) 
Nakdong River 
in Yongsan 03/1995-03/1999 5 000 Alluvial 20-35 0.893-9.9 
2 pumping wells
(
Nakdong River 
in Bookmyeon 11/1999-present 9 700400 mm, H = 40 m)IIn
operation Nakdong River 
in
Daesanmyeon
2 pumping wells
(03/1998-present 7 200400 mm, H = 40 m)I
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Fig. 2 Elements of analysis of site suitability for riverbank filtration 
Verification of deduced importance values from previous cases was conducted with an 
expert survey. Twenty-five experts currently working in the field of water resources 
participated in the survey. There were eighteen respondents. Three of them, who declared 
themselves non-specialists in riverbank filtration and site suitability analysis, were excluded. In 
the final analysis, the scores for the included experts’ knowledge of riverbank filtration and site 
suitability analysis were 6.73 and 7.73 out of 10, respectively.  
Table 5 shows the list of influential elements along with their degree of importance. The 
scales derived from previous projects are similar to those derived from the expert survey. This 
feature confirms the justification of the values used in the analysis.  
Table 5 Influential elements and scales of importance from previous cases and expert survey  
Scale of importance Scale of importance 
Classification Elements Classification Elements From 
projects 
From 
survey
From 
projects 
From 
survey 
Level of understanding of 
RBF 6.73 DPersonal 
expertise 
1 07C3 DLevel of understanding of 
site suitability analysis 
3 4.27 87.73 
< 300 1 0B 1B1Top level 
factors BB2BB3
0.5 
0.5 
0.53 
0.49 
D  (m3/d) 300 - 600 3 3.07 7
> 600 6 5.60 
1st 1 0C 2 2.20 1B D  (grade) 2nd - 3rd 3 2.20 B1 8C 12 > 4th 6 6.47 
D 11
D D2 2.20 1 02 9C C1 4D D2 2.20 3 2.33 3 10
D 7 6.67 4
< 30 1 0-6< 10 1
D  (CMS) 30 - 45 3 3.20 D1 (cm/s) 10-6 - 10-3 3 2.40 9 > 45 5 5.73 -3> 10 5 4.53 
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Table 5 Influential elements and scales of importance from previous cases and expert survey (Continued) 
Scale of importance Scale of importance 
Classification Elements From 
projects 
From 
survey
Classification Elements From 
projects 
From 
survey 
D2 (m) 
< 15 
15 - 30 
> 30 
1
3
7
2.67 
5.27 
D10
Poor 
Average 
Good 
1
3
7
0
2.93 
7.40 
D3
Good 
Average 
Poor 
1
3
6
2.67 
5.93 
BB3
C5
C6
1
2
0
2.10 
D4 (103 m3/d)
< 50 
50 - 100 
> 100 
1
3
7
2.67 
6.67 
C5
D11
D12
D13
D14
1
3
3
7
0
2.60 
3.47 
6.87 
C2
D5
D6
1
5 5.10 D11 (km
2)
0 - 1 
1 - 2 
> 2 
1
3
7
0
2.53 
6.40 
D5
Poor 
Average 
Good
1
3
7
3.67 
7.67 
D12
(households)
> 104
103 –104
< 103
1
3
6
0
2.33 
5.53 
D6
E1
E2
E3
E4
1
1
3
3
1.33 
3.00 
3.00 
D13
Good 
Average 
Poor 
1
3
6
0
2.47 
5.20 
E1
Poor 
Average 
Good
1
3
6
3.47 
6.47 
D14 (Korean 
Won)
> 1 000
750 – 1 000 
< 750 
1
3
7
0
2.47 
6.13 
E2
Poor 
Average 
Good 
1
3
6
3.47 
6.47 
C6
D15
D17
D16
1
2
5
0
2.53 
5.20 
E3
Poor 
Average 
Good 
1
3
6
3.53 
6.67 
D15 (m) 
< 300 
300 - 600 
> 600 
1
3
8
0
2.53 
7.40 
E4
Poor 
Average 
Good 
1
3
6
3.53 
6.67 
D16
None 
Poor 
Average 
Good 
1
2
5
7
0
2.17 
4.60 
7.27 
BB2
C3
C4
1
0.33 0.25 D17
Poor 
Average 
Good 
1
3
5
0
2.60 
5.47 
The pairwise comparison matrix down to the second level is shown along with priorities 
and consistency in Table 6. The same method can be applied to the lower levels.  
Table 6 Pairwise comparison matrix down to level 2 
Level Element Pairwise comparison matrix Priorities Consistency 
Element BB1 BB2 BB3
BB1 1 2 2 0.500 0
BB2 1/2 1 1 0.250 0
1
Suitability 
index 
( )IS
BB3 1/2 1 1 0.250 0
OK
Element C1 C2
C1 1 1/2 0.333 3BB1
C2 2 1 0.666 7
OK
Element C3 C4
C3 1 1/3 0.250 0BB2
C4 3 1 0.750 0
OK
Element C5 C6
C5 1 2 0.666 7
2
BB3
C6 1/2 1 0.333 3
OK
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3.2 System configuration 
An AHP-based computer program analyzing the optimal site for riverbank filtration was 
devised (Fig. 3). Originally, the system was developed for a site suitability analysis system for 
conjunctive use (SASCU) of surface water and groundwater. It was developed using Avenue (a 
script language for the GIS software ArcView) and Visual Basic, based on the Microsoft 
Windows environment (Fig. 4). The system accesses the spatial and attribute database, queries 
information, and computes the suitability. It integrates the information-searching unit and the 
AHP-modeling unit. With the aid of the information-searching capability, the task of accessing 
the database and obtaining the appropriate values for each attribute appearing in the analysis 
becomes simple and almost automatic. Meanwhile, the AHP-modeling unit analyzes the 
suitability based on the hierarchy and the relative importance of attributes (Lee and Lee 2008). 
Fig. 3 SASCU sample screen  
Fig. 4 SASCU system configuration 
4 Application 
The Han River Basin is the largest basin in the central part of the Korean Peninsula, and 
constitutes about 23% of its total area (Fig. 5). The basin has an area of 26 356 km2 and a 
length of 481.7 km. In some regions of Kyung-gi Province, including Seoul, gneiss complexes 
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from the pre-Cambria Archeozoic Era are widely distributed. Granites that have intruded on 
these complexes in later periods constitute about 36% of the Seoul region. The granite-filled 
regions are quite water-permeable because their component particles are relatively large, in 
contrast to the gneiss- and schist-filled regions, where particles are so small that it is hard for 
the groundwater to remain in the alluvial layer. This study mainly deals with the Seoul area. 
Fig. 5 Han River Basin and candidate locations for riverbank filtration 
The Seoul area of the Han River Basin is highly urbanized, which makes it hard to find 
candidate locations for riverbank filtration. However, eleven terrace areas turned out to be 
acceptable for initial consideration according to various previously conducted field 
investigations. Preliminary analysis ruled out seven of them, leaving four for further analysis 
(Table 7 and Fig. 5).  
Table 7 Candidate sites and their characteristics  
Thickness of alluvial layer (m) 
Site Length (km) Width (m) 
Riverbed Terrace 
Kwangnaru 12.8 82 4.5-6.7 9.0-17.0 
Jamsil 5.4 109 2.3-7.5 9.6-12.5 
Ichon 8.0 62 1.8-8.7 10.0-13.0 
Yanghwa 11.7 82 9.0-17.3 13.7-17.8 
The site suitability analysis, for selecting the optimal site, was conducted using SASCU. 
Spatial and attribute databases were established using an online database in the Water 
Management Information System (http://www.wamis.go.kr), reports from the Office of 
Waterworks Seoul Metropolitan Government (2006), and numerical maps. Table 8 shows each 
influential element and suitability index for four candidate locations based on the performance 
of SASCU. The Kwangnaru district, which has advantages over other sites in terms of good 
water quality and a close connection to an existing water purification facility, was selected as 
the optimal site. 
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Table 8 Suitability index of candidate sites 
Level 1 Level 2 Level 3 Level 4 Level 5 Kwangnaru Jamsil Ichon Yangwha 
D1 0.001 6 0.002 9 0.002 9 0.002 9
D2 0.011 5 0.004 7 0.004 7 0.011 5
D3 0.030 9 0.011 9 0.004 5 0.030 9
C1
D4 0.017 0 0.017 0 0.017 0 0.038 7
D5 0.037 2 0.004 9 0.004 9 0.004 9
E1 0.022 7 0.008 7 0.008 7 0.008 7
E2 0.022 7 0.022 7 0.022 7 0.008 7
E3 0.022 7 0.008 7 0.008 7 0.008 7 
BB1
C2 D6
E4 0.022 7 0.008 7 0.008 7 0.008 7
D7 0.001 5 0.003 9 0.010 2 0.010 2C3
D8 0.031 3 0.031 3 0.010 4 0.010 4
D9 0.027 2 0.027 2 0.027 2 0.027 2
BB2
C4
D10 0.094 0 0.094 0 0.094 0 0.094 0
D11 0.008 0 0.008 0 0.008 0 0.008 0
D12 0.021 0 0.021 0 0.021 0 0.021 0
D13 0.021 0 0.021 0 0.021 0 0.021 0
C5
D14 0.063 6 0.063 6 0.063 6 0.063 6
D15 0.000 8 0.000 8 0.000 8 0.000 8
D16 0.012 1 0.012 1 0.012 1 0.012 1
SI
BB3
C6
D17 0.018 7 0.016 9 0.016 9 0.018 7
Sum 0.488 2 0.390 2 0.368 4 0.411 0
5 Conclusions 
In order to determine the optimal site for riverbank filtration, various hydrogeologic, water 
quality, and socioeconomic factors should be considered. As for existing riverbank filtration 
sites, there has been a focus on the assessment of available water and the well design or 
construction. Selecting the appropriate site has been treated as a minor problem and the process 
has been carried out in a conventional way, relying on the subjective experience of experts. A 
systemic approach to the selection of the most suitable site of several candidates would 
increase the objectivity of the decision-making process and make complex decision-making 
procedures efficient. This paper developed a site suitability analysis system based on AHP.  
Twenty-one elements believed to influence the performance of riverbank filtration were 
selected and constituted a hierarchy. To enhance the credibility of the AHP analysis, especially 
the pairwise comparison, experts’ opinions were sought out through a survey. A GIS-based 
decision support system (SASCU) incorporating both spatial and attribute data was developed. 
To verify the applicability, we applied SASCU to four candidate locations along the Han River 
in Korea.  
The Kwangnaru district was selected from the candidate locations as the optimal site. The 
analysis indicated that a site having high water quality and better connectivity to the 
neighboring purification facility is more advantageous than other locations.  
AHP turned out to be a useful tool for assessing a region’s suitability for riverbank 
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filtration. We believe that the developed system can assist decision makers in finding an 
appropriate location for riverbank filtration among many candidates, which involves an 
immense amount of spatial and attribute data. In addition, the impact of including or omitting a 
certain factor in the analysis can be easily estimated using the system.  
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